Summary: Because of its initial expense, remote sensing imagery has been frequently ignored in studying the epidemiology and ecology of human and animal diseases. However, these digital images have many advantages when the theoretical restrictions and constraints on the data are understood.
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Satellite imagery is best considered as a spatially orientated digital dataset obtained from orbiting satellites that can be used to display and compare vegetation classes and biomass, ground temperature and moisture. Because each scene or image is acquired at a known time and date, different datasets can be compared to demonstrate changes over time. As the image can be registered to known map coordinates, it is possible to compare the image values of a number of known sites within the same scene, and sometimes between scenes. It can also be used with Geographic Information System (GIS) datasets that are similarly co-registered. At its most mundane, it can be used to provide maps. This simple facility is frequently overlooked by those who have ready and free access to published maps. Unfortunately, a significant number of countries, under the umbrella of "national security", do not allow the publication of national maps and, in some instances, even the ownership of such maps. In addition, many ex-colonial countries have not updated their maps since independence.
The digital data are derived from the reflected or emitted energy from the ground, water, or vegetation in various wavelengths (see Tables I and II) . It is not the substance, but the platonic shadow of that object, that is recorded. While this might sound complex, it is really very similar to studying viruses by measuring the antibodies formed in response to an infection; instead of antibodies, however, we use the echo of objects on the surface of the earth. These echoes are affected by the internal structure of those objects and by the wavelength of the bands used. "Seeing" the same object over a wide range of wavelengths allows one to observe and measure more than if one were just looking down from space or from a very high-flying airplane. Table I . A photograph of the ground using the Band 4 near-infrared reflectance will clearly show differences between water and soil/vegetation, as well as differences between various types of vegetation. The French SPOT satellite has three bands, corresponding to Bands 2, 3, and 4 of LANDSAT, but offering better resolution and more frequent viewing of the same ground. The Russian imagery covers a similar band range as SPOT with an even better resolution, though the availability has yet to match that of the French.
As the light reflected from the earth enters the satellite, it is broken into its various wavelengths and passed over an array of electronic sensors. It is the structure of those sensors and mirrors, together with the satellite altitude, that determines the resolution of the individual datum. With LANDSAT-TM, resolution is 30m for bands 1-5 and 7,120m for the thermal band 6; with SPOT it is 10m or 20m, depending on the system being used (see Table III for details). The minimum unit of co-registered data in the image is known as a picture element, or pixel. They are set in regular rows (x) and columns (y) with a digital number (z) of the intensity of the electromagnetic energy measured for the area of ground represented by that pixel. Thus, in a 185 km by 170 km LANDSAT-TM scene, there are 5,667 scan lines each with 6,167 pixels for each band, or 34.9 x 10 6 pixels per band. With all seven bands there is a total of 244.3 x 10 6 per scene. The thermal data of lower resolution are replicated to provide a comparably structured dataset.
Because it is in digital form, the image is relatively easy to manipulate in the computer in order to highlight the contrast between, for example, different structures or vegetation, and to enhance linear structures. This capability can be used to produce map-like images. A most useful image can be obtained from the near-IR band, as this frequency band responds most strongly to vegetation and clearly differentiates land from water. A colour composite may be constructed from any three bands by allocating a colour to each band; by convention the near-IR band is shown in red as in infrared photographic film. Thus, actively growing crops will appear in the composite image in bright red. Because of their high albedo, roads are readily recognised and not only provide a geographic reference but also demonstrate access routes. Because water absorbs energy, water and humid soil will appear darker and thereby provide an additional ready reference.
Experience has shown that new clearings in tropical forests can be recognised in SPOT or LANDSAT imagery and are high risk sites for Leishmania infections. As these clearings are converted and expanded for coca planting, the risk is decreased. The various clearances in the Amazon forest have a characteristic RS "finger print" that can be reliably interpreted to indicate the reason for the forest clearing (mining, colonisation, cattle grazing, etc.) and each with its different but significant risk of malaria (2). The development of major irrigation and hydroelectric schemes on the Mahaweli River near Kandy has resulted in a massive increase in malaria incidence in Sri Lanka (17) . Such sites can be readily monitored by LANDSAT and SPOT imagery. Side-Looking Airborne Radar (SLAR) can provide equally accurate habitat identification, but at much higher resolution (and cost) for places obscured by clouds. Satellite-derived maps have been used in West Africa to find large numbers of villages missing from official maps so that they can be included in disease control programmes. As dams are built, the local flooding can be readily monitored as villages pass from the risk of onchocerciasis to that of schistosomiasis. The size and management of these dams have an immediate impact on the risks that they present to surrounding (13) . The cumulative length of the peripheries of small dams and agricultural impoundments, which can be readily seen and measured by remote sensing, increase the risk of disease by four-to ten-fold in comparison to equivalent bodies of water held by large dams (8) . The agricultural successes of these small dam schemes result in an explosive increase in their number. Remote sensing projects thus become important both for inventory and health programme purposes.
The great advantage of these data is that more information can be extracted from them than from photographs of the same sites or regions. The red and near-infrared bands can be used to determine the plant biomass, leaf water and chlorophyll contents of the vegetation. A variety of combinations of these values can be used to do this, but the most commonly calculated is Tucker's normalised difference vegetation index (NDVI) or, in LANDSAT-TM band values, (Band4 -Band3)/(Band4 + Band3); refer to Tucker (15) for a comparison of these indices. It is extremely valuable for demonstrating and monitoring the greening-up and senescence of habitats. The seasonal NDVI responses of a specific vegetation are characteristic of that area and can be used for land-cover classification (16) .
If one knows the sites being monitored, the NDVI has some very useful predictive capacities for certain human and livestock disease and vector incidences; for example, for tsetse flies and human trypanosomiasis (14) and Rift Valley fever (11) . It has also been used in mapping Theileria parva in Africa (10) and remotely predicting potential Amblyomma variegatum densities in Guadeloupe (7).
However, the ease of NDVI calculation has resulted in extensive abuses, especially when used with Global Area Cover (GAC) 4-km resolution imagery. Daily GAC is derived by partly resampling Local Area Cover (LAC); this is done by averaging the first four out of five pixels in every third LAC scan line (each fifth pixel is ignored). This single subset of average values is used to represent a 3 X 5 picture element block of approximately 16 km 2 . A weekly, ten-day, 14-day, or 21-day composite is constructed by picking the picture elements with the highest NDVI values during that time period. This data sorting manoeuver automatically minimises the number of pixels of clouds; 21-day composites will have less than 2% cloud. For some purposes, the errors involved are negligible compared to the information derived while monitoring droughts or the gross seasonal changes in, say, the sub-Sahelian zone. GAC imagery for efficient locust control is based on ten-day GAC composites. A number of studies have used composite GAC because of the minimal cloud cover (and because it is readily available and relatively cheap), while individual LAC transmissions are unevenly available. The errors introduced by using GAC values for epidemiological studies for specific sites are obvious: the location of the four LAC pixel group is uncertain and satellites, drifting vertically and horizontally, make registration a case of "best-fit" so that the true location of any GAC pixel is only approximate.
All NDVI values will be affected by the angle of the sun, off-nadir viewing (the resolution and reflectance are affected as one moves away from a position directly under the track of the satellite), atmospheric moisture, the different calibration of each satellite (4), canopy morphology (e.g., within a species, whether the leaves are held vertically or horizontally) (1) and soil (e.g., brighter soils result in higher indices for a given quantity of incomplete vegetation cover). In areas where there are considerable variations in soil brightness from moisture differences, roughness variations, or organic content differences (quite apart from differing soils), these soil-related factors will influence the vegetation index. Readers are advised to read Huete (5), and related papers, for soil effects and how to calculate soil-corrected vegetation indices.
At the present time, vegetation indices are a powerful tool for measuring vegetation response to moisture and temperature. The true utility of vegetation indices in this area of research is still under development and scrutiny.
The ecology and epidemiology of a number of parasites and disease vectors have been studied by the use of remote sensing. These include riceland, puddle, forest and wetland breeding mosquitoes, tsetse flies, trematodes and ticks; a useful introductory review is Hugh-Jones (6). "Greening-up" dates can predict mosquito hatches of Anopheles freeborni. Further studies have shown how these numbers are affected by proximity to grazing cattle and roosting areas (18) . The importation of ecological parameters, such as are described by Gabinaud (3), and of GIS will increase the accuracy of mosquito habitat maps. Not only are different Amblyomma variegatum habitats remotely identifiable, each with its own apparent tick-carrying capacity, but the latter tick densities also seem to be statistically related to band reflectance variance and habitat heterogeneity and are thus remotely predictable (7) . Meitzer (12) has shown that grass "patches" of tick habitat, derived from aerial photographs, have a fractal dimension which is statistically related to the stability of their size and to the probability of disease risk. These studies demonstrate how remote sensing can increase the knowledge of vector habitats at the regional and national levels. In pragmatic terms, remote sensing should promote the optimum location and delivery of control activities in relation to livestock and vector distributions and abundance.
Density dependent and independent factors are sometimes better modelled separately. For example, in the centre of vector distributions there are multiple interacting factors; e.g., with tsetse flies and increased rainfall there are complex interactions from the responding wildlife, livestock and human populations quite apart from the effects of rainfall on the fly population itself. But at the margins of a vector population, where epidemics can be more common, the controlling factors are singular, such as temperature on tsetse flies in southwestern Africa; temperatures are either too cold, causing death, or warm enough to allow survival.
Furthermore, Jovanovic (9) has proposed a range of health-related conditions based on anthropogenic, natural and environmental factors that may eventually be capable of remote monitoring. His suggestion that remote sensing should be used to map industrial pollutants demonstrates vision. Satellites can map crops and grazing both in time and space. Thus, by discovering the source points of pollutants, we should be able to predict which specific farm lands will be at risk as well as the probable level of risk. As satellite monitoring of the atmospheric column improves, it will be possible to plot winds and atmospheric moisture near the ground more accurately. At present, by using the TIROS Operational Vertical Sounder (TOVS), wind direction and speed is plottable at 3,000m; these data have the advantage of being obtained by the same satellite collecting AVHRR imagery.
One must remember that insect disease vectors are not botanists. Disease vectors seek the optimum microclimate they can find and respond to the changes in that microclimate. It is hoped that such a microclimate, extrapolated into a habitat, will be recognised remotely. Similarly, it is the response of habitats to minerals, flooding or pollution that may indicate their potential risk to livestock and man.
Remote sensing can both provide contemporary maps of countryside and identify the variable risk levels of different areas. By using imagery collected on different dates, it can demonstrate how those risk levels have changed, or will change, over time. Thus, the present operational value of remote sensing is the provision of satellite cartography and risk maps. The very concept of producing "risk" maps emphasises how uneven the present knowledge concerning the relationships of the environment to vectors and disease is, and how much more so is the remote monitoring of the environment. The advances will come by testing these "risk" maps against reality. It must also be appreciated that remote sensing data, useful though they may be in themselves, are only one or more dataseis inside a larger geographic information system. The greatest advances will come through combining RS and GIS databases in conjunction with careful field studies and ground truth. The most difficult data to obtain are reliable field data, especially of diseases. The mere production of pretty coloured pictures would be a very expensive waste of time. Resumen: A causa de su costo inicial, la imaginería por teledetección suele ser ignorada en los estudios epidemiológicos y ecológicos de las enfermedades humanas y animales. Sin embargo, estas imágenes numéricas ofrecen numerosas ventajas a condición de comprender los límites y las restricciones teóricas que se aplican a los datos. La imaginería por teledetección permite mejorar significativamente la eficacia y la aplicación de los programas de control. En cuanto se pueda integrar en las fases operacionales de los programas, la imaginería por teledetección se convertirá en una herramienta de investigación controlada por las necesidades y no por los datos.
